NOTICE:  Whe£L  gdvefi^nt  dr  dt]ier  dravlrigs,  specl- 
fiGatldns  dr  dther  data  are  used  fdr  any  pUrpdse 
dther  tban  in  cdMiectidn  with  a  definitely  related 
government  prdGUreaent  dperatidn,  the  S. 
Gdverameat  thereby  ineurs  nd  respdnsihility^  ndr  any 
dhligatidn  tdiatsdever;  and  the  fact  that  1^e  Gdvern'^ 
ment  may  have  fdxnulated,  funiij^ed,  dr  in  any  way 
supplied  the  said  drawings,  speclficatidns,  dr  dther 
data  is  ndt  td  he  re^irded  hy  implicatidn  cr  dther** 
wise  as  in  any  manner  liGensing  the  helder  dr  any 
dther  persdn  dr  Gdrpdratidn,  dr  cdnveying  any  rights 
dr  permlssidn  td  manufacture,  use  cr  sell  any 
patented  inventidn  that  may  in  any  way  he  related 
theretd. 
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iimulatlon  as  a  Tool  for  Research 


Simulation  Methodolo^ 

With  the  energence  of  very  large,  very  complex  man-machine  systems  there  is 
an  Increasing  need  for  new  and  improved  Scientific  techniques  for  their  study. 
One  such  means  is  through  a  fetcllity  like  the  Systems  Simulation  Research 
Laboratory  (SSRL).  Here,  with  the  aid  of  an  electronic  computer  and  the  capa¬ 
bilities  of  simulating  complex  systems  with  people  in  the  feedback  loops,  ve 
can  conceive  of  breaking  free  of  traditional  constraints.  We  are  not  limited 
to  the  measurement  Of  significant  variation  in  isolated  variables  between 
control  and  experimental  groups.  We  take  the  variables  as  they  come,  including 
many  we  have  no  means  of  identifying,  and  proceed  to  study  the  total  system. 

Of  course,  we  are  faced  with  many  problems;  How  to  get  at  significant  vari¬ 
ations?  What  are  the  relevant  variables?  Which  are  the  important  criteria? 
How  much  improvement  is  "real"?  How  much  is  due  to  sampling  variation? 

How  reliable  is  the  simulation?  How  valid  is  the  simulation? 

These  are  tome  of  the  questions  for  which  we  hope  to  get  at  least  pvtlal 
answers  through  our  research  in  SSRL  In  the  coming  years. 

In  the  past,  the  most  respected  scientific  technique  was  tnat  of  analysis  — 
wherein  a  problem  would  be  broken  down  into  the  smallest  possible  parts  that 
could  be  studied  in  a  laboratory.  Now,  along  with  the  growing  Interest  in 
large  systems  is  the  increasing  concern  with  the  functioning  of  tne  system  as 
a  Tdiole.  To  attack  this  problem  has  required  new  tools  and  facilities  A 
powerful  new  reseeu'ch  procedure  consists  of  systems  simulated  in  the  Labora¬ 
tory  in  real  time,  ejqjloltlng  the  capebliities  of  modern  electronic  computers, 
and  including  people  in  the  feedback  loops. 


The  advantages  of  simulation  as  a  research  tool  In  the  study  of  complex  systems 
is  evident:  the  real  systOT  in  the  field  is  not  as  amenable  to  control  as  a 
simulation  of  it;  there  is  no  interruption  of  the  on-going  activities  in  order 
to  conduct  the  research;  productive  research  requires  the  taking  of  quanti¬ 
tative  measurements,  which  again  can  better  be  accomplished  in  a  simulation 
study  than  by  observation  of  the  actual  system.  These  primau-y  advantages  are 
really  the  advantages  of  the  laboratory  over  the  field. 

There  are  still  additional  advantages  of  Bimulation  as  a  research  technique: 

(1)  It  can  compress  or  expemd  real  time. 

(2)  It  provides  the  ability  to  experiment,  test,  and  evaluate  new 
syst^s  or  proposed  changes  to"  existing  systems  in  advance  of 
having  to  make  firm  ccxnmitments. 
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(3)  It  make#  for  more  economical  extter Imentat lon >  both  in  time 
and  money. 

(1*)  It  permit#  the  replication  of  experlnent#  under  different 
condition#. 

^t  idtat,  exactly,  do  ve  mean  by  aimuiation?  !^ls  1#  not  an  easy  question. 

!%ere  are  many  and  sundry  definitions,  and  a  variety  of  application#.  At  SJ)C 
ve  use  the  concept  of  "eimulatlon”  probably  in  a  vider  scope  than  that  employed 
in  any  single  field  of  inquiry.  We  are  exploring  the  utility  of  simulation  In 
arriving  at  optimal  solution#  to  management  control  problem#,  ve  are  u#ing  the 
simulation  of  an  environment  for  the  very  large  scale  training  of  air  defense 
forces,  and  ve  are  simulating  a  school  astern  in  our  new  laboratory  to  investl.^ 
gate  the  feasibility  of  automation* in  this  field  --  Just  to  note  a  few  examples. 

Simulation  Types 

To  provide  a  fraise  of  reference  ve  isight  consider  various  forms  of  slmulatiom 
ordered  along  a  single  continuum  on  the  basis  of  degree  of  abstraction,  i.e., 
the  extent  to  vhleh  the  simulation  iK>del  1#  abstracted  froa  the  real«life 
system,  operation,  or  procedure.  On  Such  a  Seale  ve  can  designate  five  refer* 


ence  points: 

(1) 

Identity  aimuiation 

(2) 

Replication  aimuiation 

(3) 

Laboratory  Simulation 

(M 

Cqaiputer  simulation 

(5) 

Analytical  simulation- 

1.  Identity  aimuiation.  At  the  one  extreme,  the  reed,  system  itself  ceui 
be  used  sS  the  "Sodel"  to"gain  knovledge  about  itself.  However  direct  and 
simple  it  might  sound,  it  is  usually  neither  practical  nor  feasibie  to  determine 
the  Inherent  properties  of  a  system  by  observing  its  operations.  Idaited  time 
and  resources  oftan  force  the  uaa  of  Shorter,  less  ejqpensive  methods  than  the 
"identity  simulation." 

2.  Replicatlw  simulation.-*  Only  one  step  removed  from  the  real*llfe 
Instance  is  the  attCB^  to  replicate  it  vith  the  highest  deipree  of  fidelity, 
by  means  of  an  operational  model  of  the  ayetem  in  its  normal  envlroment. 

Such  "replication  simulation"  really  involves  very  little  abstrsctlon  frcm 
reality,  and  also  provides  veiy  little  gain;  except  to  make  possible  the 
limited  study  of  selected  dangerous  or  future  situations.  A  subeatsgory  of  this 
classification  might  involve  essential  replication  of  operational  gear  vhile 
employing  abatracted  inputs.  A  ease  In  point  la  the  Air  Defense  Command' a 
Systma  Training  Program. 
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Laboratory  simulation. -  Next,  along  the  continuum,  the  replication 
might  be  attempted  in  the  laboratory  instead  ot  in  the  field.  Here  It  is 
necessary  to  choose  the  relevant  features  of  the  real  system  for  representation 
in  the  laboratory,  and  also  to  decide  on  the  means  of  such  representation. 

A  system  may  be  m6.de  up  of  such  diverse  elements  as  people,  hardware,  operating 
procedures,  mathematical  functions,  and  probability  distributions.  A  labora¬ 
tory  model  might  consist  of  the  actual  replication  of  some  elements  ana  the 
abstraction  and  substitution  by  symbolic  representation  of  others.  A  wide 
range  of.  simulation  types  is  encompassed  by  "laboratory  simulation,"  and  per¬ 
haps  is  test  exemplified  by  operational  gaming. 

Computer  simulation.  -  Another  degree  of  abstraction  from  the  real  system 
leads  to  the  complete  "computer  simuLatlon."  This  is  tl>e  clasaical  meaning 
of  "simulation"  in  operations  research.  All  aspects  of  the  system  are  reduced 
to  logical  decision  rules  and  cperatlons  •'hio  can  be  programmed  for  a  computer. 
It  might  be  said  that  if  the  human  decision  makers  are  the  real  components  of 
the  system  then  the  flow  diagrami^rcvide  the  slmuiatior;  bridge  to  the  decision 
algorithms,  which  are  the  artificial  compone.nts. 

5.  Anolytlced  Blmulatlon.  -  T^ie  hignesl  degree  of  abstraction  would  Involve 
a  complete  representation'cf  the  real  system  by  means  of  a  mathematical  model, 
and 'a  solution  (at  least  tt.eor«t.icaI.Ly)  can  oe  obtained  by  analytical  means. 

While  this  sounds  like  an  ideal  approacr,  it  may  be  neither  practical  nor 
desirable  to  strive  for  a  complete  raattematical  representation.  Such  a 
thorough  matnematlcaJL  descript  ion  .'Cild  easi  ly  exceed  the  .'apacltles  of  the 
professional  staff  and  , of  the  cnhputlrig  equipment,  or  it  co'ild  require  an 
Inordinate  amount  of  time  for  accoiTipll  stjnent.  r 

Tlie  least  and  the  highest  degrees  of  acstractlor.  >  "Msntlty  Blmulatlon"  and 
complete  "analytical  simulation"  --  may  not  oe  of  mucn  sjfperimental  value, 
but  they  do  provide  useful  conceptual  bounds  for  the  .■^imuietlon  continuum. 

Examples  from  Air  Defense  and  Susiness 

To  assist  In  delineating  the  fiv«  forms  of  simulation,  let  us  conjure  up 
examples  of  each  type,  and  let  us  try  in  tte  ares*  of  air. defense  and 

business.  The  identity  simaiation  Is,  >.'i  t  curse,  an  obvious  concept  and 
would  be  an  actual  war  in  tne  military  eicampLe.  Replication  simulation  could 
be  effected  by  means  of  a  3Av  mission  flovn  to  test  th«  air  defenses  of  the 
United  States:  enemy  combers  would  oe  replaced  by  SAC  borbers;  ADC  would 
exercise  all  of  its  operations.  h>>t  n.-'-'nai'v  fire  weapons.  Laboratory 
simulation  in  air  defense  war  planned  and  conducted  by  SDC  for  a  number  of 
years  In  what  we  called  "Indoctr inatJon  Direction  Centers."  An  Air  Defense 
site  was  simulated  in  a  laboratory  with  real  radar  scopes  and  numsin  operators, 
but  using  computer  generated  radar  returns  and  a  special  simulator  to  dynamically 
represent  fighter  Intercepters  In  response  to  the  controller's  decisions  in 
the  system.  A  verlant  of  this  laboratory  simulation  is  the  System  TraiVilng 
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Program  employed  thfoughout  the  United  States,  Canada,  Alaska,  smd  parts  of 
Etarope.  Still  GOnsidering  the  air  defense  field,  an  example  of  Gomputer 
simulation  is  the  "Air  Battle  Model,"  originally  Greated  by  RAND  and  now 
operated  by  C»^A  ((derations  Model  Evaluation  Group,  Air  Force)*  Ihis  coi^uter 
model  Gonsists  of  a  detailed  simulation  of  the  operations  of  both  sides  in  an 
air  battle,  and  several  hours  of  play  represent  the  equivalent  of  several  days 
of  strategic  air  vcu^.  Ihe  ultimate  in  abstreiGtlon  would  be  a  mathematleal 
gameitheoretic  approach  to  u- 

Now,  let  US  consider  idiat  the  continuum  of  simulation  types  might  look  like 
in  the  field  of  industry  or  business.  Obviously,  the  identity  simulation  is 
the  business  operation  itself.  Examples  of  replication  simulation  include 
pilot  plant  operations  and  operations  research  endeavors  at  resillocatlon  of 
parts  of  a  production  line.  For  laboratory  simulation  there  are  the  very 
popular  business  games,  with  which  most  of  you  are  probably  acquainted.  A 
quite  different  example  of  laboratory  simulation  recently  was  reported  in 
Business  Week*.  At  the  Enrico  Fermi  Atonic  Power  Plant  neeaf  Detroit,  a  simula¬ 
ted  (analog)  operation  of  the  plant  is  nnployed  in  training  operators  in  the 
nuclear  reaction  System*  We  tend  to  classify  this  as  laboratory  Simulation 
because,  in  addition  to  the  ccm^uter  simulation  of  the  operation  of  the  plant, 
human  beings  manipulate  the  model  and  are  part  Of  it*  On  the  other  hand,  in 
a  complete  computer  simulation  the  human  interactions  also  are  reduced  to 
decision  algorithms*  An  example  of  the  latter  is  the  Management  Control  System 
study  developed  at  SPC,  in  ^Ich  a  hypothetical  business  operation  (performing 
some  200  Separate  tasks,  and  including  inventory,  sales,  personnel  and  budget 
considerations)  is  completely  simulated  in  a  computer.  Finally,  for  analytical 
simulation  an  example  can  be  taken  from  the  petroleum  industry.  Linear 
programming  is  the  principal  mathematical  technique  used  to  determine  the 
optimal  fractionation  ratios  for  the  "crude"  as  a  function  of  the  current  market 
prices  for  the  various  derivatives. 

SPC  Simulation  Projects 

The  foregoing  discussion  of  simulation  was  intended  to  provide  a  framework  for 
much  of  the  systems  research  effort  at  SDC.  More  detailed  deseriptions  of  the 
use  of  simulation  as  a  tool  in  resesurch  will  be  brou0)t  out  in  the  ensuing 
briefings.  The  six  reports  cover  a  wide  range  of  the  Simulation  continuum. 

In  the  first  of  these  <*-  the  study  of  human  data^proeesslng  behavior  --  we  have 
a  clear  example  of  "laboratory  simulation".  The  second  report,  SIMPAC,  Just 
as  clearly  falls  into  "computer  simulation".  The  Leviathan  studies  are  not 
so  easily  categorized:  Phase  1  definitely  belongs  la  "coo^uter  simulation," 
but  the  second  phase  of  Dr*  Rome's  work  will  be  recognized  as  "laboratory 
simulation*"  The  decision-making  study  to  be  reported  by  Dr*  ^ure  again  is 
of  the  "laboratory"  variety.  The  research  in  CLASS  can  most  appropriately  be 
designated  as  "replication  simxilatlon, ”  although  it  also  has  the  "laboratory 
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flavot*."  Finally,  the  Terminal  Air  Traffic  Control  study  wap  ei^ressly 
designed  as  the  first  major  "laboratory  simulation"  model  for  SSRL. 


You  can  see  that  our  emphasis  is  on  the  category  "laboratory  Simulation," 
and  that  is  as  it  should  be  because  of  the  unique  capabilities  offered  by  SSRL. 
Nonetheless,  in  our  research  on  man>machlne  dynamics,  we  shall  sample  all 
along  the  simulation  continue  from  the  pure  mathematics  and  independent 
computer  operations  to  every  Conceivable  mljcture  of  computeraiaboratory 
Simulation. 


System  Development  Gorporation, 

Santa  Monlcaj,  California 
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Unclassified  report 

DESCRIFfQRS:  Simulation. 

Reports  an  increasing  need  for  new 
and  improved  scientific  techniques 
for  the  stu(^  of  man-machine  systems. 
Describes  the  advantages  of  SDC's 
SSRL  (Systems  Simulation  Research 
Laboratory)  in  investigating  the  use 


of  sitDuiation  as  a  research  tool. 
Defines  the  various  types  of 
simulation:  identity  simulation, 
replication  simulation,  laboratory 
simulation,  computer  simulation, 
analytical  simulation.  Presents 
examples  from  air  defense  and 
business. 
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